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complexes associated with transcriptional activators in-When Ras Signaling
volved in a wide variety of biological processes. How-Reaches the Mediator ever, Sur2 appears to be required by only a small subset
of transcriptional activators for their function. Specifi-
cally, it was shown that human Sur2 directly interacted
with and promoted transcription by both the viral protein
Numerous sequence-specific DNA binding proteins E1A and the Ras/MAPK-activated ETS family member
that couple extracellular stimuli to transcriptional reg- Elk-1 (Boyer et al., 1999). Studies using sur2/ murine
ulation have been described. Less well understood is embryonic stem cells confirmed these results and dem-
how these transcriptional regulators interact with the onstrated that more than a dozen other transcriptional
Mediator complex to initiate transcription and how activators, including some downstream of MAPKs, had
those interactions are coordinated with the activation Sur2-independent activity (Stevens et al., 2002). Elk-1
of signaling pathways. Recent work has begun to shed interaction with Sur2 was also shown to be dependent
light on this important area of research. upon its phosphorylation by Erk2. In conjunction with
the genetic data from C. elegans, these results suggest
that Sur2 evolved to directly coordinate Mediator re-Mediator complexes consist of 20–30 protein subunits,
cruitment and activity with a subset of transcriptionalmost of which appear to be conserved from yeast to
activators functioning downstream of the Ras/MAPKhumans (reviewed in Boube et al., 2002). Much genetic
pathway.and biochemical data have demonstrated that Mediator
A new study by Mo et al. (2004) in the January 30 issuecomplexes interact with sequence-specific DNA binding
of Molecular Cell has revealed another transcriptionaltranscriptional regulators, and in doing so, functionally
activator that recruits the Mediator complex via Sur2.bridge them to the basal RNA pol II machinery, which can
C/EBP is a member of the basic leucine zipper (bZIP)bind to the Mediator complex. Some individual Mediator
family of transcription factors and is capable of regulat-protein subunits repress transcription, and therefore
ing genes involved in proliferation and differentiation.Mediator complexes can convey both activating and
It has previously been shown that phosphorylation ofrepressive transcriptional instructions to Pol II. There is
C/EBP by MAPK causes relief of transcriptional inhibi-also variability in the subsets of genes regulated by
tion and enhanced transactivation at C/EBP targetdifferent subunits of Mediator complexes. Some sub-
genes (Nakajima et al., 1993; Kowenz-Leutz et al., 1994).units are required for genome-wide transcriptional regu-
Additionally, C/EBP appears to have a number of E1A-lation, while others appear to regulate a relatively small
like properties (Spergel et al., 1992). The above observa-number of genes. One subunit of the latter class that
tions led Mo et al. to investigate if C/EBP also interactshas garnered attention in recent years is Sur2.
with the Mediator complex like E1A and Elk-1. ThroughSur2 was first identified in Caenorhabditis elegans as
a series of in vitro and in vivo experiments, the authorsfunctioning downstream of the Ras/MAPK pathway in
show that C/EBP physically interacts with the Sur2vulval induction (Singh and Han, 1995). It was subse-
subunit of the Mediator complex to activate transcrip-quently revealed that homologs of Sur2 (also known by
other names such as CRSP130) can be found in Mediator tion. These results strengthen the hypothesis that the
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change, Mo et al. showed that there are changes in binding
site specificity on Sur2 between wild-type C/EBP and
a C/EBPprotein carrying a mutation that mimics activa-
tion. Consequently, it is possible that Mediator complex
structural/functional state could be altered not only by
the addition of an activator, such as VP16 or phosphory-
lated Elk-1, but also through conformational changes,
induced by posttranslational modification, within C/EBP
itself and transmitted through Sur2. Structural informa-
tion using purified Mediator complexes bound to both
activated and repressive forms of C/EBPwill ultimately
be needed to confirm such a prediction and rule out
other possibilities.
Recent work, including the new study by Mo et al.,
has broadened our understanding of how the Mediator
complex can integrate Ras/MAPK signaling into a tran-
scriptional response via the Sur2 subunit. The general
Figure 1. Model for C/EBP Interaction with the Mediator Complex method of integrating specific cellular signals into a tran-
(A) In the absence of Ras/MAPK signaling, C/EBP associates with scriptional response through distinct Mediator complex
a transcriptionally repressive Mediator complex through Sur2 inter- subunits appears to be evolutionarily conserved (Gal11
actions.
is a Sur2-related protein in yeast with an analogous role(B) Upon activation, MAPK phosphorylates C/EBP. This phosphor-
in the yeast Mediator complex) and is likely expandedylation event causes an alteration of C/EBP conformation and the
in higher eukaryotes to accommodate the vast numbersappearance of a transcriptionally activating Mediator complex at
C/EBP-dependent promoters. of activators and pathways linked to them. Continuing
research in this area will no doubt identify other Sur2-
linked activators and/or pathways as well as other Medi-Sur2 Mediator subunit is specific for Ras/MAPK-regu-
ator complex subunits that also participate in the inte-lated transcriptional activators such as C/EBP. How-
gration of cell signaling and transcriptional responses.ever, the authors carried their analysis even further and
elucidated an intimate link between the regulation of
C/EBP by MAPK phosphorylation and the transcrip-
Dennis Eastburn and Min Hantional state of the Mediator complex associated with it.
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Kowenz-Leutz, E., Twamley, G., Ansieau, S., and Leutz, A. (1994).Ras/MAPK phosphorylated C/EBP. The “inactive” Me-
Genes Dev. 8, 2781–2791.diator complex form is most likely inhibitory toward tran-
Mo, X., Kowenz-Leutz, E., Xu, H., and Leutz, A. (2004). Mol. Cell 13,scription, since its presence was correlated with tran-
in press.scriptional repression at C/EBP target gene promoters.
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